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The concentration of oxazepam and oxazepam glucuronide in oral fluid, blood and serum after controlled administration of 15 and 30 mg oxazepam
WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Concentration-time profiles of drugs in oral fluid generally run parallel to those in blood.
• In general, oral fluid contains more parent drug than metabolites.
• For some benzodiazepines it has been shown that concentrations are lower in oral fluid than in blood.
WHAT THIS STUDY ADDS
• The concentration-time profile of oxazepam in oral fluid after a single dose of oxazepam runs parallel to blood and is dose dependent.
• Concentration ratios (oral fluid/blood and oral fluid/serum) of oxazepam and oxazepam glucuronide after controlled intake of a single dose of oxazepam are presented.
AIMS
To measure and compare the concentration-time profiles of oxazepam and oxazepam glucuronide in blood, serum and oral fluid within the scope of roadside testing.
METHODS
Biological samples were collected from eight male subjects after ingestion of 15 or 30 mg oxazepam on separate dosing occasions with an interval of 7 days. The concentration-time profiles of oxazepam and oxazepam glucuronide were fitted by using a one-compartment model.
RESULTS
For oxazepam and oxazepam glucuronide, the mean oral fluid/blood ratios were 0.05 (range 0.04-0.07) and 0.004 (range 0.002-0.006), respectively. The concentration-time profiles in oral fluid paralleled those in blood.
CONCLUSION
After oral administration of therapeutic doses of oxazepam, concentrations in oral fluid are very much lower than those in blood, and those of oxazepam glucuronide are much lower than those of the parent compound. Nevertheless, assay of oral fluid for oxazepam can be used to detect recent ingestion of the drug in drivers suspected of impaired driving performance.
Introduction
Benzodiazepines, especially oxazepam, are the most commonly detected medicinal drugs in blood from drivers [1] . Benzodiazepines may increase the risk of a road accident [1, 2] . The preferred specimen for roadside testing is oral fluid, because venepuncture is needed to obtain blood, and violation of privacy may be necessary for urine. However, the relationship between concentrations of oxazepam and its glucuronide metabolite in oral fluid and blood is unknown. To our knowledge, pharmacokinetic studies of oxazepam and oxazepam glucuronide in both oral fluid and blood have not been published until now. The aim of this study was to compare the concentrationtime profiles of oxazepam and oxazepam glucuronide in blood, serum and oral fluid within the scope of roadside testing.
Methods

Subjects and study design
Eight healthy volunteers (healthy men, age 18-27 years) were recruited. The study design was double-blind crossover, in which the subjects received, in random order, 15 mg and 30 mg oxazepam orally, in identically appearing formulations, on 2 days separated by 1 week in order to exclude carry-over effects. The study was conducted according to the code of ethics on human experimentation established by the declaration of Helsinki (1964) and amended in Edinburgh (2000). The study protocol was approved by the medical ethics committee MedischEthische Toetsing Onderzoek Patiënten en Proefpersonen (Tilburg, the Netherlands). All subjects gave written informed consent.
Bioanalysis
Oral fluid samples (n = 17) and blood samples (n = 13) were collected over specified intervals up to 8.5 h after oral administration. Oral fluid samples (approximately 1 ml) were obtained by spitting into a plastic container. Venous blood samples (approximately 5 ml) were collected by a physician and equally divided over two glass tubes. One tube was used for whole blood measurements, the other for serum measurements after centrifugation. The concentrations of oxazepam and oxazepam glucuronide in oral fluid, serum and whole blood were determined by using liquid chromatography-mass spectrometry/mass spectrometry. Internal standards (d5-oxazepam and lorazepam-glucuronide) were added to a 200-ml sample before protein precipitation by using 600 ml methanol. Samples were centrifuged and the supernatant was evaporated and reconstituted in 75 ml methanol/ water 40% v/v. The chromatographic column was Acquity UPLC TM BEH C 18 (100 ¥ 2.1 mm, 1.7 mm; Waters, Etten-Leur, the Netherlands). Injection volume was 20 ml. The gradient was methanol/formic acid (0.010 M, pH 3.0), 45% v/v to 100% v/v methanol. For extracts of whole blood, a modified gradient was used in order to minimize ion suppression. The linear range for the assay was 0.5-100 (oral fluid); 1-1000 (serum) ng ml -1 for oxazepam as well as for oxazepam glucuronide. The limit of detection was 0.25 (oral fluid), respectively 0.5 (serum) ng ml -1 for oxazepam and 0.25 (oral fluid), respectively 0.5 (serum) ng ml -1 for oxazepam glucuronide. The limit of quantification was 0.5 (oral fluid), respectively 1 (serum) ng ml -1 for oxazepam and 0.25 (oral fluid),respectively 1 (serum) ng ml -1 for oxazepam glucuronide. Interday precision was <20%, except for oxazepam at 0.5 ng ml -1 (23% in oral fluid and 20% in serum), and for oxazepam glucuronide at 0.5 ng ml -1 in serum (21%). The accuracy was 101% for oxazepam in serum and 100% for oxazepam glucuronide (a stock solution was used with a certified concentration). An external control sample of oxazepam in oral fluid was not available.
In whole blood, the linear range was 5-1000 ng ml -1 for oxazepam as well as for oxazepam glucuronide. The limit of detection was 2 ng ml -1 for oxazepam and 3 ng ml -1 for oxazepam glucuronide. The limit of quantification was between 1 and 5 ng ml -1 for oxazepam and between 5 and 10 ng ml -1 for oxazepam glucuronide. Intraday precision and interday precision were Յ20% for oxazepam and oxazepam glucuronide, except for the intraday precision for oxazepam glucuronide 5 ng ml -1 (22%).The accuracy of the measurement of oxazepam in blood was 106%.
Pharmacokinetic analysis
The concentration-time profiles in serum, whole blood and oral fluid were fitted by using a one-compartment model (KinFit, MWPharm® 3.50; Mediware, Groningen, the Netherlands) [3] . For the calculation of clearance, the bioavailability of oxazepam in serum and whole blood was assumed to be 1 [4] . The parameters of oxazepam and oxazepam glucuronide were calculated as the means of the individual parameters after intake of 15 and 30 mg oxazepam (except for Cmax and AUC), assuming linear pharmacokinetics. The blood/serum (B/S) ratio, oral fluid/blood (OF/B) ratio and oral fluid/serum (OF/S) ratio were calculated from the area under the curve (AUC0-8.5) values, calculated by the trapezoidal rule. Figure 1 shows the mean concentration-time profiles of oxazepam and oxazepam glucuronide in serum (Figure 1a ) and oral fluid (Figure 1b) for the individual subjects (1-8) after intake of 15 and 30 mg oxazepam, respectively. The mean concentration-time profiles in whole blood were very similar to those of serum (not shown in Figure 1 but see Table 1 ). The corrected Akaike information criterion (AICc) can be used as a measure of the goodness of fit of the pharmacokinetic model [5] . Based on the AICc, a one-compartment model was preferred over a twocompartment model for seven out of eight subjects. In oral fluid, oxazepam as well as oxazepam glucuronide was detected. Concentrations in oral fluid were relatively low. Table 1 shows the pharmacokinetic data of oxazepam and oxazepam glucuronide in whole blood, serum and oral fluid.
Results
Concentrations The data in blood and serum were best described by using a one-compartment model in seven out of eight subjects. Other authors have suggested that a twocompartment model may be more appropriate [4] . However, we did not observe a distinct distribution phase in the concentration-time curves. In some subjects, the measured concentrations deviated from the fitted curves, especially in the first hours.This may be explained by variation in absorption (fluid intake at t = 1 h 5 min and t = 2 h 10 min).
The pharmacokinetic parameters calculated for oxazepam in blood are in agreement with other studies [6] [7] [8] . The B/S ratio for oxazepam (mean 0.90, range 0.83-0.97) is in agreement with the plasma/blood ratio (1.04 Ϯ 0.05) reported by Shull et al. [9] . The ratios OF/B and OF/S for oxazepam are in correspondence with the expected free fraction in plasma.Oxazepam has pKa values of 1.7 and 11.6 [10] and is un-ionized in saliva (pH 6-8) and plasma (pH 7.4). About 95% of oxazepam is bound to plasma proteins [10] . Because un-ionized and unbound molecules are able to pass membranes, concentrations of free (unbound) oxazepam are expected to be equal in blood (or serum) and oral fluid.
The concentration-time profile of oxazepam in oral fluid was dose related and mimicked the concentrationtime curves in blood and serum. Unfortunately, oral fluid concentrations fitted the pharmacokinetic model poorly, and the variation in, for example, C max and tmax was high. As a result, the correlation between concentrations in blood and oral fluid was variable.This variation may be partly due to variation from the analytical measurements at low concentrations. Better analytical methods may improve the correlation, but biological influencing factors such as changes in salivary composition or protein binding may also cause a significant variation in the results. To our knowledge, literature about the transfer of oxazepam glucuronide from blood to oral fluid is lacking.The variation in oral fluid concentrations will be higher in samples obtained from roadside testing than in this controlled study.
In summary, oral fluid can be used for the detection of the recent use of a single dose of oxazepam in (suspected) impaired drivers. A relation between the concentrations of oxazepam in blood (or serum) and oral fluid has been established in this study. The predictive value of oral fluid concentrations for values in blood is as yet unclear. As a consequence, a relationship between oral fluid concentrations and effects related to driving performance cannot be established at the moment.Oral fluid as matrix for roadside screening may be promising, but only in view of a zerotolerance legislation.
